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Context: It is widely acknowledged that standards implemented in open source software can reduce risks
for lock-in, improve interoperability, and promote competition on the market. However, there is limited
knowledge concerning the relationship between standards and their implementations in open source
software. This paper reports from an investigation of organisational inﬂuences in software standards
and open source software implementations of software standards. The study focuses on the RDFa stan-
dard and its implementation in the Drupal project.
Objective: The overarching goal of the study is to establish organisational inﬂuences in software stan-
dards and their implementations in open source software. More speciﬁcally, our objective is to establish
organisational inﬂuences in the RDFa standard and its implementation in the Drupal project.
Method: By conduct of a case study of the RDFa standard and its implementation in the Drupal project we
investigate organisational inﬂuences in software standards and their implementations in open source
software. Speciﬁcally, the case study involved quantitative analyses of issue tracker data for different
issue trackers for W3C RDFa and the Drupal implementation of RDFa.
Results: The case study provides details on how and to what extent organisational inﬂuences occur in
W3C RDFa and the Drupal implementation of RDFa, by speciﬁcally providing a characterisation of issues
and results concerning contribution to issue raising and commenting, organisational involvement over
time, and individual and organisational collaboration on issues.
Conclusion: We ﬁnd that widely deployed standards can beneﬁt from contributions provided by a range
of different individuals, organisations, and types of organisations either directly to a standardisation pro-
ject or indirectly via an open source project implementing the standard. Further, we also ﬁnd that open
processes for standardisation adopted byW3C may also contribute to open source projects implementing
speciﬁc standards.
 2015 The Authors. Published by Elsevier B.V. This is anopenaccess article under the CCBY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Many organisations are currently restricted in their choice of
software because of restrictions imposed by existing systems,
which often results in a lack of interoperability and a risk for differ-
ent types of lock-in. Use of open standards and open source soft-
ware (OSS) implementations of standards is a means that can
reduce the risk of lock-in, improve interoperability and also stim-
ulate innovation [45,25]. It is also widely acknowledged that thereare challenges in implementing open standards [23,36] and that
standardisation has signiﬁcant impact in the IT market and is
subject to review within the digital agenda in the EU [21]. Open
standards, especially when implemented in open source software,
have the potential to address challenges such as promoting a
healthy and competitive market, reducing the risk for
organisations of being technologically locked-in, creating a basis
for interoperability, and offering a basis for long-term access and
reuse of digital assets [45].
Open source software implementations of software standards
have contributed signiﬁcantly to the establishment of standards
[1], and it has been stressed in that ‘‘the formal speciﬁcation is
inherently incomplete and the actual standard is deﬁned both
through the written speciﬁcation and actual implementations’’
J. Gamalielsson et al. / Information and Software Technology 67 (2015) 30–43 31[35]. We also note that use of work practices involving issue
tracking, which has a strong legacy from open source software
development, has been adopted by major standardisation
organisations including W3C, IETF, and OASIS. Hence, utilising
open source software implementations and associated work
practices is important for improved standardisation.
Earlier research has primarily focused on different aspects of IT
standardisation (e.g. [38] or alternatively open source software
(e.g. [7], but there is limited knowledge concerning the relation-
ship between software standards and their implementations in
open source software [23,38]. A contributing reason for this may
be that ‘‘OSS developers and standards people – do hardly share
any common background’’ [38]. Further, development of interoper-
able software systems need to account for that many different
standards are being provided and maintained in a complex ecosys-
tem involving a ‘‘multi-vendor, multi-network, multi-service envi-
ronment’’ [17].
This study considers how software standards and software
implementations of such standards are related. The overarching
goal of the study is to establish organisational inﬂuences in
software standards and their implementations in open source soft-
ware. More speciﬁcally, our objective is to establish organisational
inﬂuences in the RDFa standard and its implementation in the
Drupal project. There are several reasons that motivate a study of
organisational inﬂuences. It has, for example, been claimed that
‘‘companies are the most important and typically the most power
stakeholders in (ICT) standards setting’’ [39] and that ‘‘the absence
of important players may lead to inadequate standards’’ [38].
Further, previous research shows that some companies ‘‘aim to
control the strategy of’’ a standardisation organisation, whereas
other merely participate [39]. It has also been noted that
‘‘sometimes companies intentionally introduce deviant standards’
implementations as aggressive market strategy’’ [19]. It is impor-
tant to counter such strategies, and we note that ‘‘formal standards
bodies strive for standards that do not favour certain companies,
technologies or markets’’ [19].
The study reveals novel ﬁndings which detail how and to what
extent organisational inﬂuences occur in W3C RDFa and the Drupal
implementation of RDFa. Overall, ﬁndings show that widely
deployed standards can beneﬁt from contributions provided by a
range of different individuals, organisations, and types of organisa-
tions. Further, we show that processes for standardisation can con-
tribute to an open source project and processes for open source
development can contribute to a standardisation project.
The paper makes four novel contributions. First, we establish a
characterisation of issues for different issue trackers for W3C RDFa
and the Drupal implementation of RDFa using different metrics.
Second, we report on contribution to issue raising and commenting
for the different issue trackers. Third, we provide details on organ-
isational involvement over time. Fourth, we present ﬁndings on
individual and organisational collaboration on issues.
Issue tracker was chosen as a data source since it is available
both for W3C RDFa and for Drupal RDFa, and is therefore useful
in order to get comparable data. Further, it is a structured and for-
mal data source addressing topics that are important for both
standardisation- and open source projects, and therefore contains
less noise than for example mailing lists. Issue tracker data has also
been used in closely related work which our study extends [32,46].
Issue trackers have been used in analyses of open source projects
in previous studies, and it has been claimed that ‘‘an issue tracking
system (ITS) is necessary to collect user feedback in FLOSS (and
other) projects.’’ [66] RDFa was chosen since it constitutes a repre-
sentative exemplar of a software standard that has been widely
adopted in numerous open source licensed (as well as proprietary)
software systems. Further, it has been shown that the RDFa (and
the related MicroData) format has been widely deployed on theweb [2]. The Drupal project was chosen since it constitutes a rep-
resentative exemplar of an open source project that has been
widely deployed in both commercial and public sector contexts
[16,12]. In fact, by October 2013 Drupal has recorded more than
one million users in 228 countries speaking 181 languages [10].
The combination of RDFa and Drupal constitutes a relevant combi-
nation since semantic web standards (such as RDFa) are essential
in content management systems (such as Drupal) for modern
web solutions. Since RDFa is recognised as an open standard [44]
in national policy in several countries, the standard is possible
and attractive to implement in an open source project such as
Drupal. Another motivation for focusing on RDFa and Drupal is to
extend previous knowledge established in earlier studies that
explored Drupal and its use of the software standards RDFa,
CMIS and OpenID [32] and explored (non-organisational)
inﬂuences between W3C RDFa and the Drupal implementation of
RDFa in different issue trackers [46].
The rest of this paper is organised as follows. First, we provide a
background to and position our exploration of RDFa and its imple-
mentation in Drupal in the broader context of previous research on
standards and implementation of standards (Section 2). We then
clarify our research approach (Section 3), and report on our results
(Section 4). Thereafter, we analyse our results (Section 5) followed
by discussion and conclusions (Section 6).
2. Background
2.1. RDFa
RDFa (Resource Description Framework in Attributes) is a stan-
dard model for interchange of data on the web by embedding of
rich metadata within XML based web documents [63]. This is
achieved through provision of attributes with associated syntax
and processing rules for in-line embedding of RDF in XML-based
web documents. Hence, RDFa is related to RDF, which became a
W3C recommendation in 1999 [53]. RDFa originated from a W3C
note [54], which in 2004 was integrated into a working draft of
XHTML 2.0 [55]. Eventually RDFa 1.0 in XHTML became a W3C rec-
ommendation in 2008 [57]. RDFa Core 1.1 became a W3C recom-
mendation in 2012 [58]. This version of RDFa was also
compatible with HTML, which is described in a W3C working draft
document [59]. A second and third edition of RDFa Core 1.1 was
released in 2013 and 2015, respectively [62,63]. There is also the
reduced RDFa lite speciﬁcation, which contains a subset of the
functionality in RDFa Core 1.1 [61]. The RDFa standard is licensed
under royalty-free conditions [60], which allow implementation
in GPL licensed OSS projects such as Drupal [23].
RDFa is governed by the W3C (World Wide Web Consortium),
which is ‘‘an international community where Member organiza-
tions, a full-time staff, and the public work together to develop
Web standards’’ [64]. Individuals and all types of organisations
can becomemembers (including commercial, educational, and gov-
ernmental entities). Funding stems frommembership fees, research
grants and other types of public and private funding, sponsorship,
and donations. There are some key components in the organisation
of the standardisation process. One of these is the advisory commit-
tee, which has one representative from eachW3Cmember and per-
forms different kinds of reviews in the process of standardisation,
and also elects an advisory board and the technical architecture
group (which primarily works on web architecture development
and documentation). Further, theW3C director and CEO assess con-
sensus for decisions of W3C-wide impact. There is a also a set of
charted groups (working groups, interest groups, and coordination
groups) consisting of member representatives and invited experts,
which assist in the creation of web standards, guidelines, and sup-
porting materials.
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Web Deployment) working group, whose mission was to provide
‘‘consensus-based guidance in the form of W3C Technical Reports
on issues of practical RDF development and deployment practices
in the areas of publishing vocabularies, OWL usage, and integrating
RDF with HTML documents’’ [56]. The working group communi-
cated through a public mailing list, bi-weekly telephone meetings,
and face-to-face meetings. Minutes from meetings were made
public, whereas the meetings were not for the public. The progres-
sion of RDFa was taken over by the W3C RDFa working group in
2010, whose mission is to ‘‘support the developing use of RDFa
for embedding structured data in Web documents in general’’
[60]. This working group communicates primarily through a public
mailing list and bi-weekly telephone meetings.2.2. Drupal
Drupal is a content management platform written mainly in
PHP, which is provided under the GPL v2 (or later) open source
license [11]. It can be used to create ‘‘brochureware’’ style web
sites as well as web sites involving blogs, forums and other forms
of collaborative environments. In terms of developer efforts, there
have been 148 committers who have contributed 27,119 commits
over 617,097 lines of code to Drupal core [50]. The ﬁrst commit to
Drupal core was contributed in May 2000, and the most recent
commit in March 2015. There have been seven ﬁrst level Drupal
core releases in the interval January 2001 through January 2011
(v1–3 in 2001, v4 in 2002, v5 in 2007, v6 in 2008, and v7 in
2011). In fact, at time of writing (March 2015) there have been
more than 150 stable releases (evenly distributed in time) in total
since v1.0 including second and third level releases. The latest
release (v7.35) was made available on 18 March 2015. Version 8
of Drupal core is at time of writing still in its beta release stage
(Drupal 8.0.0-beta9 was released on 25 March 2015). There are
also a number of modules for extended functionality which have
separate developer communities and release schedules.
Drupal is supported by the Drupal Association, which ‘‘fosters
and supports the Drupal software project, the community and its
growth’’ [14]. This includes maintenance of Drupal related web
infrastructure, facilitation of community participation and contri-
bution, protection of Drupal and its community through advocacy
and legal work, organisation of Drupal related events, and promo-
tion of Drupal. Funding is managed by memberships, donations
and yield from conferences. Both individuals and organisations
can join the Drupal Association for a certain fee. The Drupal asso-
ciation has a board of directors that is nominated and selected by
the larger community [15]. Further, there is an international advi-
sory board which assists and advices the board of directors and
staff at the Drupal Association. There are monthly board meetings
where everyone is invited to listen online. Further, there are cur-
rently six different board committees that advice the board in dif-
ferent matters.
The Drupal open source project is built by volunteers from all
around the world. Community members can contribute to code
in the Drupal core modules (or other associated modules), docu-
mentation, user support, marketing, testing, translations, and other
activities. Community interaction is achieved through forum, mail-
ing lists, and IRC. There are also various Drupal events during
which community members can interact. Further there are a num-
ber of specialised user groups that can be joined to further develop
and discuss various aspects of Drupal. For developers, software
conﬁguration management is handled using Git. Extensive instruc-
tions are available on the Drupal website for how to contribute
code by setting up a development environment and use the issue
tracker in order to prepare and submit software patches.Support for RDFa (v1.0) was ﬁrst incorporated into the core of
Drupal 7 [9]. An update in the Drupal 7 core on 3 April 2013
resulted in the software being compatible with RDFa v1.1. RDFa
is a separate module in Drupal core. Other separate Drupal core
modules include implementations of OpenID, CMIS, PHP, REST,
JSON, XML, and XML-RPC [13].2.3. Previous research
There are studies involving RDFa (or RDF) that are not directly
related to the research undertaken in our study. One kind of study
involves investigation of web metadata deployment. For example,
a quantitative study involving RDFa, MicroData and Microformats
concerned the adoption and deployment of such formats at web
sites [2]. Similar studies also involved other metadata formats
[47,48]. A different study reports on a query translation approach
between RDF and XML applied in the educational domain [49].
There are studies involving Drupal that are not directly related
to the research undertaken in our study. Examples are case studies
on use of Drupal in library contexts [33,37]. Another example is a
comparative study between the CMS systems Drupal, Joomla and
Wordpress with respect to different aspects [51]. A different study
explored experiences from incorporating Drupal in an educational
context [42]. Another example is a study reporting on an approach
for analysis of coding practices in open source projects applied to
CMS projects including Drupal [30].
There are studies involving both RDFa (or RDF) and Drupal, but
which are not directly related to the research undertaken in our
study. For example, Corlosquet et al. [5] presented the RDF CCK
plugin for Drupal 6 which, at the time, simpliﬁed the use of RDFa
and enabled ‘‘high-quality RDF output with minimal effort from
site administrators’’. This plugin became obsolete with the release
of Drupal 7, and the functionality was instead included in Drupal 7
core. Similarly, the beneﬁts and features of Drupal’s implementa-
tion of linked data (including RDFa) are described in Corlosquet
et al. [6].
There is research related to the implementation of standards in
software systems that include studies that address aspects of com-
pliance and interoperability (e.g. [18,19,25] and licensing condi-
tions for standards and their implementations in open source
[35,52,25]. However, there is a need for further research with a
focus on speciﬁc standards and implementations of speciﬁcations
of standards where the relationship between speciﬁcations of stan-
dards and associated implementations is explored. Of particular
interest are implementations of software standards in OSS. In fact,
the openness of standards and their implementations in OSS has
been elaborated more than a decade ago [40] and the relationship
between standards and their implementations in OSS continues to
be an issue for ongoing discussion [41,25,26,23,20,4].
There are studies that address organisational involvement in
open source projects but without addressing standards or imple-
mentations of standards. One such study explored organisational
contributions to source code repositories over time for the open
source modelling tools Topcased and Papyrus [29] and a different
study reported results on organisational contributions to mailing
lists for the open source project Nagios through analysis of email
address subdomains [28]. There are also other studies focused on
organisational aspects, for example addressing different motiva-
tions for ﬁrms to participate in open source projects (e.g. [3], com-
munity building aspects in communities sponsored by
organisations (e.g. [65], and emerging involvement of professional
and commercial organisations in OSS [22]. However, none of these
studies are related to implementations of standards and do not
explicate how the actual organisational participation occurs in
concrete cases.
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Drupal and its use of the software standards RDFa, CMIS and
OpenID [32]. However, this study did not consider inﬂuences in
software standards and their implementations. Further, results
from another study on implementations of the PDF format indicate
that standards can inﬂuence implementations of standards, imple-
mentations of standards can inﬂuence standards, and that imple-
mentations of standards can inﬂuence other implementations of
standards [31]. Another closely related study explored inﬂuences
between W3C RDFa and the Drupal implementation of RDFa
through use of issue trackers [46]. However, the focus for this
study was on establishing direct inﬂuences through individuals
active in both W3C RDFa and Drupal RDFa and inﬂuences through
similarities (in terms of what the content of issues actually
address) between issues in W3C RDFa and issues in Drupal RDFa.
Further, the study did not consider inﬂuences through organisa-
tional involvement and collaboration, and different means for anal-
ysis were used. Hence, this motivates an in-depth study of
organisational inﬂuences in the RDFa standard and its implemen-
tation in Drupal.1 http://gephi.github.io/.
2 http://www.w3.org/2006/07/SWD/track/issues/.
3 https://www.w3.org/2010/02/rdfa/track/issues.
4 https://drupal.org/project/issues/drupal.3. Research approach
By conduct of a case study of the RDFa standard and its imple-
mentation in the Drupal project we investigated organisational
inﬂuences in software standards and their implementations in
OSS. Speciﬁcally, the case study involved quantitative analyses of
issue tracker data for different issue trackers for W3C RDFa and
the Drupal implementation of RDFa.
First, we established a characterisation of issues by undertaking
an analysis of issue tracker data using different metrics.
Speciﬁcally, we use the metrics: (1) time span of issues, which is
deﬁned as the number of days between the date for the latest com-
ment and the date for the raising of an issue; (2) number of com-
ments for an issue (in this context the raising of an issue is
considered as a comment); (3) comment frequency for an issue,
which is deﬁned as number of comments divided by the time span;
(4) number of contributors for an issue (including the raising of an
issue); (5) contributor diversity for an issue, which is deﬁned as
the number of contributors divided by the number of comments;
(6) number of organisations that the contributors to an issue are
afﬁliated with; and (7) organisational diversity for an issue, which
is deﬁned as the number of organisations that contributors to an
issue are afﬁliated with divided by the number of comments.
Together, these metrics illuminate different aspects relevant for a
characterisation of issue contribution activities in W3C RDFa and
the Drupal implementation of RDFa.
Second, we investigate contribution to issue raising and com-
menting for the different issue trackers by analysing the propor-
tions of issues raised by the most active issue raisers (and
organisational afﬁliations associated with issue raising) and the
proportions of issue comments provided by the most active com-
ment contributors (and organisational afﬁliations associated with
issue commenting).
Third, we investigate organisational involvement over time by
undertaking an analysis of the most active organisational afﬁlia-
tions (and types or afﬁliations) for the different issue trackers.
Further, in particular, afﬁliations contributing to both W3C RDFa
and the Drupal implementation of RDFa are analysed.
Fourth, we report on individual and organisational collabora-
tion on issues by undertaking social network analysis of interaction
networks (at individual and organisational level) derived from the
issue data for different issue trackers for W3C RDFa and the Drupal
implementation of RDFa. An interaction network at individual level
is gradually derived by, for each issue in an issue tracker, creating aconnection (edge) between all contributors (nodes) that contribute
to the issue and increase the weight of each of these edges by one.
Similarly, an interaction network at organisational level is
gradually derived by, for each issue in an issue tracker, creating a
connection between all organisational afﬁliations associated (at
the time of the issue) with contributors that contribute to the issue
and increase the weight of each of these edges by one. Speciﬁc
metrics used in the analysis are number of nodes, number of edges,
average degree (deﬁned as the average number of edges connected
to nodes in the network), average weighted degree (deﬁned as the
average of sum of weights of edges connected to nodes in the net-
work), and betweenness centrality (which quantiﬁes the ability of
a node to act as a mediator in a network. More precisely,
betweenness centrality reﬂects the number of shortest paths that
pass through a speciﬁc node, see e.g. Freeman [24]). Social net-
works are derived using custom made scripts and analysed using
the Gephi software package1 and rendered using the
Fruchterman-Reingold graph routing algorithm for force-directed
drawing [27].
Data was collected on 30 September 2014. The issue tracker
data for RDFa was collected from the W3C website for RDFa 1.02
and RDFa 1.1.3 The data for the RDFa implementation in the
Drupal project was collected from the Drupal website [11], where
all issues for RDFa in Drupal core4 (versions 6, 7, and 8) were used
in the analysis.
The issue data was collected semi-automatically by download-
ing the content of web pages for separate issues as text which were
thereafter parsed and analysed using custom made scripts. More
speciﬁcally, the timestamp and contributor ID for issue raising
and commenting were recorded for all issues. The real name of a
contributor was searched for in cases when the contributor ID
did not disclose the name. For that purpose a web search (using
Google search) on the contributor ID was undertaken. In cases
where the search was unsuccessful, the real name of the contribu-
tor was recorded as ‘‘unknown’’. The professional network
LinkedIn was searched in order to determine the organisational
afﬁliation(s) of each issue contributor over time in cases where
the real name is known. Each afﬁliation and time period for the
afﬁliation was recorded for each issue contributor. In cases where
it was evident from LinkedIn that a contributor was self-employed
(and not afﬁliated with any particular named organisation) the
afﬁliation was recorded as ‘‘self-employed’’. If there is no informa-
tion about afﬁliation in LinkedIn and if an additional search (using
Google) for the name of the contributor resulted in no further
information about afﬁliation, the afﬁliation was recorded as ‘‘un-
known’’. Non-human contributors (there are two different for the
RDFa issue trackers) were excluded from the analysis.4. Results
This section presents the results from the study. Table 1 pre-
sents the main results from our observations concerning organisa-
tional inﬂuences in the RDFa standard and its implementation in
the Drupal project as reported in the following sub-sections.4.1. Characterisation of issues
In this subsection we establish a characterisation of issues for
different issue trackers for W3C RDFa and the Drupal implementa-
tion of RDFa using different metrics as deﬁned in the research
approach (i.e. time span, number of comments, comment fre-
Table 1
Main themes for investigation with associated main results.
Characterisation of issues  Drupal issues in general have a longer time span and larger number of comments than W3C issues.
 W3C issues generally have a higher comment frequency than Drupal issues.
 Number of organisations and organisational diversity are in general higher for W3C issues than for Drupal issues.
Contribution to issue raising and
commenting
 Similar proportions of issues are raised by the top raisers in W3C RDFa and Drupal RDFa.
 Similar proportions of comments are provided by the top comment contributors in W3C RDFa and Drupal RDFa.
 A clear majority of all issues were raised by few contributors for both W3C RDFa and Drupal RDFa.
 The majority of all comments were provided by few contributors for both W3C RDFa and Drupal RDFa.
 A considerably smaller proportion of afﬁliations are associated with raising a larger proportion of issues in W3C RDFa com-
pared to Drupal RDFa.
 Similar proportions of afﬁliations are associated with issue commenting in W3C RDFa and Drupal RDFa.
Organisational involvement over time  There is a variety of different organisations and types of organisations involved in providing a signiﬁcant amount of con-
tributions over time to issue trackers in W3C RDFa and Drupal RDFa, including micro enterprises, small and medium-sized
enterprises, larger enterprises, research institutes, universities, a standardisation organisation, a non-proﬁt organisation,
public broadcasting services, and a hospital.
 The most active contributing organisations mainly focus on either W3C RDFa or Drupal RDFa.
 The mix and contribution of different organisation types has changed signiﬁcantly between different versions of both W3C
RDFa and Drupal RDFa.
 Highly ranked organisational afﬁliations are active during a larger number of months (often consecutive) than afﬁliations
with lower ranking.
 There are ﬁve organisational afﬁliations that are active in both W3C RDFa and Drupal RDFa, which indicates that there are
organisational inﬂuences between the two communities.
Individual and organisational
collaboration on issues
 There is extensive (and repeated) collaboration amongst a limited number of individuals (and organisational afﬁliations)
within W3C RDFa and Drupal RDFa.
 Collaboration within these two communities is rather isolated with a few individuals (and organisational afﬁliations)
bridging between the communities.
 There is a higher degree of repeated inter-organisational collaboration for afﬁliations within W3C RDFa compared to Dru-
pal RDFa.
 Collaboration at organisational level in W3C RDFa is more extensive than at individual level, whereas there is no such
observation for Drupal RDFa.
 The most active organisational afﬁliations with respect to volume of contributions are most often equally important from a
collaboration point of view.
5 This test was chosen since it does not assume any speciﬁc data distribution and
llows for different sample sizes.
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organisations, and organisational diversity). In so doing, we high-
light signiﬁcant differences between different issue trackers for
these metrics.
Overall, we note that the RDFa 1.0 issue tracker covers 79 issues
with contributions in the interval 24 January 2007 to 24 September
2009. For RDFa 1.1 there are 150 issues which span the interval
between 7 February 2010 and 4 November 2013. The Drupal 6
issue tracker has contributions in the interval 31 October 2008
through 22 September 2012 for one single issue (results for this
issue tracker are therefore not reported separately). For Drupal 7
there are 52 issues which span the interval 31 October 2009
through 15 September 2015, and for Drupal 8 there are 68 issues
which span the interval 3 December 2007 through 16 September
2014. Hence, all issues in all used issue trackers span the interval
24 January 2007 through 16 September 2014.
Table 2 shows basic metric value statistics (with average value
in bold face) for the set of issues in all the different issue trackers,
where RDFa⁄ includes both RDFa 1.0 and RDFa 1.1, and Drupal⁄
includes Drupal 6, Drupal 7, and Drupal 8. For example, the time
span for RDFa 1.0 issues have a minimum value of 1, a maximum
value of 540, an average value of 55.494, a median value of 1,
and a standard deviation of 102.9.
From Table 2 it can be noted that in general there is consider-
able variability in values within different metrics. The span
between the minimum and maximum values, the (sometimes rel-
atively big) difference between the average and median value, and
the often high standard deviation are indications of a skewed dis-
tribution of values for most metrics (especially for time span, num-
ber of comments, and comment frequency whose distributions are
more skewed than for other metrics and feature long tails). It
should be mentioned that the maximum value of contributor
diversity is 1 (i.e. one unique contributor for each of the comments
in an issue). A value of 1 for organisational diversity means that
there is on average one unique organisational afﬁliation for each
of the comments for an issue.Based on observations in Table 2, Table 3 shows the results from
a statistical signiﬁcance test for different comparisons of issue
trackers and metrics by use of the non-parametric Mann–
Whitney one-sided u-test5 and the one-sided alternative null
hypothesis PROB(X > Y) > ½, where X and Y are the samples. Hence,
the hypothesis for each test is that metric values for the set of issues
in one issue tracker have a tendency to be greater than metric values
for the set of issues in another issue tracker. The p-value in the right-
most column indicates the statistical signiﬁcance of each compar-
ison, where comparisons statistically signiﬁcant with 95%
conﬁdence are bold marked. For example, the ﬁrst row in the table
shows that the time span tends to be greater for RDFa 1.1 issues than
for RDFa 1.0 issues (p-value 1.00).
4.2. Contribution to issue raising and commenting
In this subsection we report on contribution to issue raising and
commenting for different issue trackers for W3C RDFa and the
Drupal implementation of RDFa. In so doing, we establish differ-
ences between individual and organisational contribution in rais-
ing and commenting of issues in different issue trackers. In the
results we only consider human issue raisers, i.e. any contribution
by non-human agents are ignored (there are two such agents for
the RDFa issue trackers).
We note that there are in total 224 unique contributors to all
issue trackers for W3C RDFa and the Drupal implementation of
RDFa. The organisational afﬁliation of 29 (12.7%) of these contrib-
utors is unknown. We include ‘‘unknown’’ and ‘‘self-employed’’ as
special types of afﬁliations in our analysis.
Table 4 shows the accumulated proportion of issues raised by
the top N unique issue raisers. For example, the three most active
issue raisers for RDFa⁄ (i.e. both RDFa 1.0 and RDFa 1.1) togethera
Table 2
Metric value statistics for the set of issues in different issue trackers.
Metricnissue tracker RDFa 1.0 RDFa 1.1 RDFa⁄ Drupal 7 Drupal 8 Drupal⁄
Time span min 1.000 1.000 1.000 1.000 1.000 1.000
max 540.000 1035.000 1035.000 1333.000 1673.000 1673.000
avg 55.494 121.350 98.633 226.020 218.910 232.590
med 1.000 64.500 46.000 57.500 97.500 76.000
std 102.900 173.890 156.100 356.060 296.830 341.570
Number of comments min 1.000 2.000 1.000 1.000 1.000 1.000
max 53.000 63.000 63.000 51.000 109.000 109.000
avg 5.582 15.167 11.860 14.269 15.647 15.041
med 2.000 11.500 8.000 11.000 9.000 10.000
std 8.261 12.136 11.851 11.304 18.235 15.506
Comment frequency min 0.004 0.006 0.004 0.006 0.004 0.004
max 3.000 6.500 6.500 5.000 5.000 5.000
avg 1.114 0.646 0.808 0.594 0.436 0.500
med 1.000 0.218 0.246 0.200 0.165 0.177
std 0.948 1.059 1.044 1.100 0.761 0.919
Number of contributors min 1.000 1.000 1.000 1.000 1.000 1.000
max 19.000 13.000 19.000 11.000 14.000 14.000
avg 2.899 4.727 4.096 4.135 4.559 4.388
med 1.000 4.500 3.000 4.000 4.000 4.000
std 3.888 2.427 3.127 2.151 3.316 2.859
Contributor diversity min 0.286 0.111 0.111 0.129 0.110 0.110
max 1.000 0.750 1.000 1.000 1.000 1.000
avg 0.575 0.383 0.449 0.411 0.443 0.429
med 0.500 0.364 0.467 0.354 0.391 0.375
std 0.170 0.144 0.179 0.229 0.235 0.231
Number of organisations min 1.000 1.000 1.000 1.000 1.000 1.000
max 23.000 17.000 23.000 12.000 14.000 14.000
avg 4.709 6.667 5.991 4.404 5.044 4.769
med 3.000 6.000 5.000 4.000 4.000 4.000
std 4.910 3.479 4.126 2.403 3.325 2.955
Organisational diversity min 0.333 0.161 0.161 0.129 0.119 0.119
max 2.000 1.750 2.000 1.000 2.000 2.000
avg 1.098 0.548 0.737 0.431 0.524 0.483
med 1.000 0.500 0.600 0.383 0.429 0.400
std 0.433 0.254 0.418 0.233 0.358 0.311
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and Drupal 8.
Table 5 shows the (not accumulated) proportion of issues
raised for the 6 afﬁliations (represented by issue raisers) most
active in raising issues, sorted from left to right in descending
order. For example, the three most active afﬁliations for RDFa⁄
are associated with raising 58%, 33%, and 28% of all issues,
respectively.
Table 6 shows the accumulated proportion of comments for dif-
ferent numbers of unique comment contributors (i.e. not including
raisers) for all issues in each issue tracker.
Table 7 shows the (not accumulated) proportion of comments
for all issues in each issue tracker contributed for the 6 organisa-
tional afﬁliations (represented by issue comment contributors)
most active in issue commenting, sorted from left to right in
descending order.
When comparing contribution to issue raising and issue com-
menting at individual level (Tables 4 and 6) it can be observed that
some of the observations made for issue raising also applies to
issue commenting but there are some differences: (1) There is a
(relatively) similar number of issue raisers in Drupal 7 and
Drupal 8, whereas there are considerably fewer comment contrib-
utors in Drupal 7 compared to Drupal 8 and (2) For RDFa 1.0 a con-
siderably smaller proportion of contributors raise a larger
proportion of issues compared to RDFa 1.1, whereas for RDFa 1.1
a considerably smaller proportion of contributors provide a larger
proportion of comments compared to RDFa 1.0.
When comparing contribution to issue raising and issue com-
menting at organisational afﬁliation level (Tables 5 and 7) anobservation is that some of the observations made for issue raising
also applies to issue commenting but there are some differences:
(1) There is a similar number of afﬁliations associated with issue
raising for RDFa⁄ and Drupal⁄, whereas there are considerably
fewer afﬁliations associated with issue commenting for RDFa⁄
compared to Drupal⁄ and (2) For RDFa⁄ a considerably smaller pro-
portion of afﬁliations are associated with raising a larger propor-
tion of issues compared to Drupal⁄, whereas similar proportions
of afﬁliations are associated with issue commenting in RDFa⁄ and
Drupal⁄ (except for the ﬁrst ranked afﬁliation).4.3. Organisational involvement over time
In this subsection we report on organisational involvement over
time in different issue trackers for W3C RDFa and the Drupal
implementation of RDFa. In so doing, we introduce the term ‘‘con-
tribution’’, which is deﬁned as either the raising of an issue or an
issue comment.
As an overview, for RDFa⁄ there has been in total 4797 contribu-
tions by 81 afﬁliations involving 229 issues and 2487 issue com-
ments (for RDFa 1.0: 641 contributions by 39 afﬁliations
involving 79 issues and 362 comments, and for RDFa 1.1: 4156
contributions by 56 afﬁliations involving 150 issues and 2125 com-
ments). For Drupal⁄ there has been a total of 2075 contributions by
136 afﬁliations involving 121 issues and 1699 comments (for
Drupal 7: 807 contributions by 63 afﬁliations involving 52 issues
and 690 comments, and for Drupal 8: 1253 contributions by 99
afﬁliations involving 68 issues and 996 comments).
Table 5
Proportion of issues raised for the 6 afﬁliations most active in raising issues.
Issue trackernafﬁl.
ranking
1
(%)
2
(%)
3
(%)
4
(%)
5
(%)
6
(%)
n_iss n_afﬁl
RDFa 1.0 81 61 44 8 5 4 79 8
RDFa 1.1 85 50 15 5 5 5 150 19
RDFa⁄ 58 33 28 21 15 10 229 26
Drupal 7 38 25 10 10 2 2 52 13
Drupal 8 32 19 10 10 9 4 68 25
Drupal⁄ 22 15 13 11 5 2 121 33
Main observations from this table are: (1) There is a similar number of afﬁliations
associated with issue raising for RDFa⁄ and Drupal⁄. (2) There are considerably
fewer afﬁliations associated with issue raising in RDFa 1.0 compared to RDFa 1.1.
(3) There are considerably fewer afﬁliations associated with issue raising in Drupal
7 compared to Drupal 8. (4) For RDFa⁄ a considerably smaller proportion of afﬁli-
ations are associated with raising a larger proportion of issues compared to Drupal⁄.
(5) Similar proportions of afﬁliations are associated with issue raising in RDFa 1.0
and RDFa 1.1. (6) Similar proportions of afﬁliations are associated with issue raising
in Drupal 7 and Drupal 8.
Table 3
Statistical signiﬁcance of metric value comparisons (Bold = signiﬁcant at 95% level).
Metric Test p-value
Time span RDFa 1.1 > RDFa 1.0 1.00
Drupal 7 > Drupal 8 0.28
Drupal⁄ > RDFa⁄ 1.00
Number of comments RDFa 1.1 > RDFa 1.0 1.00
Drupal 8 > Drupal 7 0.27
Drupal⁄ > RDFa⁄ 0.99
Comment frequency RDFa 1.0 > RDFa 1.1 1.00
Drupal 7 > Drupal 8 0.77
RDFa⁄ > Drupal⁄ 1.00
Number of contributors RDFa 1.1 > RDFa 1.0 1.00
Drupal 8 > Drupal 7 0.43
Drupal⁄ > RDFa⁄ 0.93
Contributor diversity RDFa 1.0 > RDFa 1.1 1.00
Drupal 8 > Drupal 7 0.82
RDFa⁄ > Drupal⁄ 0.98
Number of organisations RDFa 1.1 > RDFa 1.0 1.00
Drupal 8 > Drupal 7 0.72
RDFa⁄ > Drupal⁄ 0.99
Organisational diversity RDFa 1.0 > RDFa 1.1 1.00
Drupal 8 > Drupal 7 0.89
RDFa⁄ > Drupal⁄ 1.00
Main observations from this table are that there is: (1) tendency for greater values
for Drupal⁄ compared to RDFa⁄ for time span of issues and number of comments; (2)
tendency for greater values for RDFa⁄ compared to Drupal⁄ for comment frequency,
contributor diversity, number of organisations, and organisational diversity; (3)
tendency for greater values for RDFa 1.0 compared to RDFa 1.1 for comment fre-
quency, contributor diversity, and organisational diversity; (4) tendency for greater
values for RDFa1.1 compared to RDFa 1.0 for time span, number of comments,
number of contributors, and number of organisations; and (5) no tendency for any
difference in values in any of the comparisons between Drupal 7 and Drupal 8.
Table 7
Proportion of comments for the 6 afﬁliations most active in issue commenting.
Issue trackernafﬁl.
ranking
1
(%)
2
(%)
3
(%)
4
(%)
5
(%)
6
(%)
n_comm n_afﬁl
RDFa 1.0 32 18 12 10 7 6 362 39
RDFa 1.1 75 27 23 7 7 5 2125 53
RDFa⁄ 69 23 21 6 6 5 2487 77
Drupal 7 28 16 15 5 4 3 690 63
Drupal 8 30 25 7 6 5 4 996 96
Drupal⁄ 21 19 15 6 5 4 1699 133
Main observations from this table are: (1) There are considerably fewer afﬁliations
associated with issue commenting for RDFa⁄ compared to Drupal⁄. (2) There are
considerably fewer afﬁliations associated with issue commenting in RDFa 1.0
compared to RDFa 1.1. (3) There are considerably fewer afﬁliations associated with
issue commenting in Drupal 7 compared to Drupal 8. (4) Similar proportions of
afﬁliations are associated with issue commenting in RDFa⁄ and Drupal⁄ (except for
the ﬁrst ranked afﬁliation). (5) Similar proportions of afﬁliations are associated with
issue raising in RDFa 1.0 and RDFa 1.1. (6) Similar proportions of afﬁliations are
associated with issue raising in Drupal 7 and Drupal 8.
Table 6
Accumulated proportion of comments for the Top N comment contributors.
Issue
tracker
Top
1 (%)
Top
2 (%)
Top
3 (%)
Top
4 (%)
Top
5 (%)
Top
6 (%)
n_comm n_contr
RDFa 1.0 18 28 36 44 50 54 362 31
RDFa 1.1 27 50 57 62 67 72 2125 49
RDFa⁄ 23 45 51 56 60 65 2487 71
Drupal 7 36 52 57 59 62 64 690 68
Drupal 8 27 52 55 57 60 62 996 104
Drupal⁄ 30 51 54 56 58 60 1699 150
Main observations from this table are: (1) There are considerably fewer comment
contributors in RDFa⁄ compared to Drupal⁄. (2) There are considerably fewer com-
ment contributors in RDFa 1.0 compared to RDFa 1.1. (3) There are considerably
fewer comment contributors in Drupal 7 compared to Drupal 8. (4) There are similar
proportions of comments by the top N comment contributors in RDFa⁄ and Drupal⁄.
(5) For RDFa 1.1 a considerably smaller proportion of contributors provide a larger
proportion of comments compared to RDFa 1.0. (6) Similar proportions of comments
are provided by the top N comment contributors in Drupal 7 and Drupal 8.
Table 4
Accumulated proportion of issues raised by the Top N issue raisers.
Issue
tracker
Top
1 (%)
Top
2 (%)
Top
3 (%)
Top
4 (%)
Top
5 (%)
Top
6 (%)
n_iss n_raisers
RDFa 1.0 81 89 94 95 96 96 79 5
RDFa 1.1 50 65 73 79 83 86 150 12
RDFa⁄ 33 61 70 76 79 83 229 17
Drupal 7 42 67 71 73 75 77 52 18
Drupal 8 32 62 65 68 71 74 68 23
Drupal⁄ 35 64 65 67 69 70 121 39
Main observations from Table 4 are: (1) There are considerably fewer raisers in
RDFa⁄ compared to Drupal⁄. (2) There are considerably fewer raisers in RDFa 1.0
compared to RDFa 1.1. (3) There is a (relatively) similar number of issue raisers in
Drupal 7 and Drupal 8. (4) There are similar proportions of issues raised by the top
N raisers in RDFa⁄ and Drupal⁄. (5) For RDFa 1.0 a considerably smaller proportion of
contributors raise a larger proportion of issues compared to RDFa 1.1. (6) Similar
proportions of issues are raised by the top N raisers in Drupal 7 and Drupal 8.
36 J. Gamalielsson et al. / Information and Software Technology 67 (2015) 30–43The top 10 afﬁliations ranked by proportion of total number of
contributions (including both issue raising and issue commenting)
for the different issue trackers is shown in Table 8. Each cell in the
table contains the triple {afﬁliation}|{afﬁliation type}|{proportion
of total number of contributions}. In our analysis the actual organ-
isational afﬁliation has been anonymised and replaced with an
afﬁliation ID starting with ‘‘A’’ and followed by a number. Each
afﬁliation has been mapped to one of the following afﬁliation
types: Micro Enterprise (MiE, an enterprise with 1–9 employees),
Small and Medium-sized Enterprise (SME, an enterprise with
10–250 employees), Larger Enterprise (LE, an enterprise with more
than 250 employees), Research Institute (RI), University (Uni),
Standardisation Organisation (SO), Non-proﬁt Organisation
(NPO), Public Broadcasting Service (PBS), and Hospital (H). As an
example, A1 (which is a non-proﬁt organisation) is the most activeafﬁliation for RDFa 1.0 and is associated with 29% of all contribu-
tions. In Table 8, the special afﬁliations SE (self-employed) and U
(unknown) are also included, and for these cells the tuple {afﬁlia-
tion}|{proportion of total number of contributions} is used. Since it
is possible that several afﬁliations are associated with a speciﬁc
contribution, the sum of proportions for a column may exceed
100%.
For a more ﬁne-grained characterisation of organisational
involvement over time, Fig. 1 shows the activity pattern for the
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month is January 2007) for RDFa 1.0, RDFa 1.1, Drupal 7, and
Drupal 8. A black rectangle indicates at least one contribution for
a certain afﬁliation during a certain month.
From Fig. 1 it can be observed that the contribution patterns for
Drupal 7 and Drupal 8 overlap in time, whereas the contribution
patterns for RDFa 1.0 and RDFa 1.l do not overlap. It should be men-
tioned that the indicated contribution in month 12 for Drupal 8
stems from a single contribution (raise of an issue). For all issue
trackers there is a tendency (with some exceptions) that afﬁliations
with a high ranking are active during a larger number of months
(often during a number of consecutive months) than afﬁliations
with lower ranking. The majority of the top 10 afﬁliations for
RDFa 1.0 have shown activity overmore than one year from the ﬁrst
to the last contribution, and the majority of the afﬁliations for
RDFa 1.1 have shown activity over more than three years from
the ﬁrst to the last contribution. For both Drupal 7 and 8 the
majority of afﬁliations have shown activity over one year andTable 8
Top 10 afﬁliations (and associated afﬁliation types) ranked by proportion of total number
#nIssue tracker RDFa 1.0 RDFa 1.1 RDFa⁄
1 A1|NPO|29% A2|SO|76% A2|SO|6
2 A2|SO|27% A11|MiE|29% A11|Mi
3 A3|Uni|21% A5|RI|22% A5|RI|2
4 A4|Uni|9% A12|SME|6% A12|SM
5 A5|RI|9% A13|MiE|6% A13|Mi
6 A6|MiE|6% A14|MiE|5% A1|NPO
7 A7|RI|6% A6|MiE|5% A6|MiE
8 A8|Uni|4% A15|MiE|3% A14|Mi
9 A9|PBS|3% A16|SME|3% A3|Uni
10 A10|Uni|3% A17|RI|3% A15|Mi
From this table it can be observed that the sets of top 10 afﬁliations for RDFa⁄ and Drupa
and A6), and for Drupal 7 and Drupal 8 there are also intersecting afﬁliations (A18, A19, A
and U are amongst the top 10 afﬁliations in both Drupal issue trackers, but in none of the
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Fig. 1. Contribution pattern for the topseveral (even if excluding the special afﬁliations ‘‘unknown’’ and
‘‘self-employed’’) have shown activity over more than three years.
To establish organisational inﬂuences between W3C RDFa and
Drupal RDFa we analyse the intersection between the two sets of
all RDFa⁄ afﬁliations and all Drupal⁄ afﬁliations (i.e. beyond the
afﬁliations in Table 8). There are seven afﬁliations (including the
special afﬁliations ‘‘unknown’’ and ‘‘self-employed’’) in this inter-
section. The number of contributions and issues for these seven
afﬁliations (shown together with afﬁliation type) for different issue
trackers is shown in Table 10 (sorted on total number of contribu-
tions). There are a few sporadic contributions in Drupal 6 (not
shown) which slightly affect the sum of contributions for two of
the rows in Table 10.
The activity pattern for the afﬁliations in the intersection is
shown in Fig. 2 for afﬁliations 1 through 7 as a function of month
number for RDFa 1.0, RDFa 1.1, Drupal 7, and Drupal 8.
In order to aid interpretation of Fig. 2 and to characterise simul-
taneous involvement in issue trackers for the afﬁliations in theof contributions for different issue trackers.
Drupal 7 Drupal 8 Drupal⁄
8% A18|H|29% SE|30% A19|LE|21%
E|24% A19|LE|16% A19|LE|25% SE|19%
0% A17|RI|16% A18|H|7% A18|H|16%
E|6% U|6% A25|SME|6% A17|RI|7%
E|6% SE|4% A23|SME|4% U|5%
|5% A20|MiE|3% U|4% A25|SME|4%
|5% A21|Uni|3% A26|SME|3% A23|SME|3%
E|4% A22|MiE|2% A27|MiE|3% A20|MiE|2%
|4% A23|SME|2% A28|Uni|2% A29|MiE|2%
E|3% A24|SME|2% A29|MiE|2% A28|Uni|2%
l⁄ are disjunct. For RDFa 1.0 and RDFa 1.0 there are intersecting afﬁliations (A2, A5,
23, and also the special afﬁliations SE and U). It should speciﬁcally be noted that SE
W3C RDFa issue trackers. To further analyse Table 8 with respect to afﬁliation type,
trackers is presented in Table 9.
Fa 1.0
Fa 1.1
pal 7
nth
pal 8
50 60 70 80 90
10 afﬁliations in each issue tracker.
Table 9
Proportion of total number of contributions for the afﬁliation types for the top 10
afﬁliations in the different issue trackers.
TypenIssue
tracker
RDFa
1.0 (%)
RDFa
1.1 (%)
RDFa⁄
(%)
Drupal
7 (%)
Drupal
8 (%)
Drupal⁄
(%)
MiE 6 48 42 5 5 4
SME 9 6 4 14 7
LE 16 62 21
RI 15 25 20 16 7
Uni 37 4 3 2 2
SO 27 76 68
NPO 29 5
PBS 3
H 29 7 16
SE 4 30 19
U 6 4 5
From this table it can be observed that a standardisation organisation, micro
enterprises, and research institutes are dominating in RDFa⁄, whereas Drupal⁄ is
less dominated by few afﬁliation types and a larger enterprise, a hospital, and self-
employed contributors are most inﬂuential. A notable difference between RDFa 1.0
and RDFa 1.1 is the shift towards increased involvement of MiE, SME and SO in RDFa
1.1. A notable difference between Drupal 7 and Drupal 8 is the increased involve-
ment of the larger enterprise and self-employed contributors in Drupal 8. Further,
we derived the top 10 afﬁliations by total number of issues (rather than contri-
butions) participated in (not shown), and noted that the list of afﬁliations and
rankings was very similar to Table 8.
38 J. Gamalielsson et al. / Information and Software Technology 67 (2015) 30–43intersection between W3C RDFa and Drupal RDFa, Table 11 shows
number of months during which there are contributions made for a
certain afﬁliation and combination of two issue trackers. As an
example, there are simultaneous contributions during one month
for afﬁliation A2 when comparing the contribution patterns for
RDFa1.1 (R1.1 in Table 11) and Drupal 8 (D8 in Table 11).4.4. Individual and organisational collaboration on issues
In this subsection we report on individual and organisational
collaboration on issues in different issue trackers for W3C RDFa
and RDFa as implemented in Drupal.
Fig. 3 depicts a social network illustrating the collaboration
between individuals participating in the same issues in all the issue
trackers for W3C RDFa and Drupal RDFa.
An overall visual impression is that there are more individuals
in the Drupal part (black nodes) of the network than the W3C part
(white nodes). The nodes central amongst the Drupal and W3C
parts of the network are more connected than nodes further away
from the centre and at the periphery, which indicates more exten-
sive collaboration amongst centrally located individuals. It can also
be observed that three individuals have contributed to both Drupal
and W3C (grey nodes). Two of these are highly connected and are
at the core of the Drupal part of the network, and the third contrib-
utor is highly connected and is at the core of the W3C part. Further,
it can be noted that collaboration within W3C and Drupal atTable 10
Number of contributions (number of issues in brackets) for afﬁliations in the intersection
# AfﬁliationnIssue tracker RDFa 1.0 RDFa
1 A2|SO 121 (36) 1731
2 A11|MiE 1 (1) 657 (
3 A19|LE 0 2 (1)
4 SE 0 21 (1
5 A18|H 0 30 (2
6 A17|RI 0 61 (3
7 U 6 (5) 12 (9
From this table it can be noted that there is little inﬂuence betweenW3C RDFa issue track
and A11 there is a very large number of contributions (for a very large number of issues)
A19 there are many contributions (in many issues) to Drupal 7 and Drupal 8, but only
between W3C RDFa and Drupal, especially in terms of contribution at issue level. For thindividual level is rather isolated, with only three individuals
(the grey nodes) bridging between the communities.
The corresponding social network illustrating the collaboration
between organisational afﬁliations associated with the same issues
in the issue trackers for W3C RDFa and Drupal RDFa is shown in
Fig. 4. It should be mentioned that the special afﬁliations
‘‘self-employed’’ and ‘‘unknown’’ are not included in the network.
An overall visual impression is that there are more afﬁliations in
the Drupal part (black nodes) of the network than the W3C part
(white nodes), even if the difference is smaller compared to the
individual level network (Fig. 3). Like for the individual network,
nodes central amongst the Drupal and W3C parts of the network
are more connected than nodes further away from the centre
and at the periphery, which indicates more extensive collaboration
amongst centrally located organisations. It also appears that cen-
tral edges in the W3C part of the network have more weight, which
indicates inter-organisational collaboration on a larger number of
issues compared with the Drupal part of the network. It can also
be observed that ﬁve afﬁliations are associated with contributions
to both Drupal and W3C (grey nodes). In fact, these are the afﬁlia-
tions for the three individuals in Fig. 3 who contributed to both
Drupal and W3C. Two of these afﬁliations are highly connected
and are at the core of the Drupal part of the network (from left
to right these are A19 and A18, see Section 4.3), and the three other
afﬁliations are highly connected and are at the core of the W3C
part (from left to right and down these are A17, A11, and A2).
Further, it can be noted that collaboration within W3C and
Drupal at organisational level is (like for the individual level net-
work) quite isolated, with ﬁve afﬁliations (the grey nodes) bridging
between the communities.
To complement the visual inspection of the total social net-
works at individual level (Fig. 3) and organisational level (Fig. 4),
Table 12 summarises some central properties of different social
networks by use of different metrics that together characterise
the overall degree of collaboration. Speciﬁcally, the metrics num-
ber of nodes (#N), number of edges (#E), average degree (AD),
and average weighted degree (AWD) are used. A high average
degree for a network is an indication of extensive collaboration
with a variety of individuals or afﬁliations, whereas a high average
weighted degree for a network in addition emphasises repeated
collaboration with individuals or afﬁliations in a number of issues.
Social networks explored are separate networks at individual and
organisational level for W3C and Drupal, respectively, and also
the total individual and organisational level networks in Figs. 3
and 4.
In order to investigate differences between the importance of
afﬁliations in terms of number of contributions and the importance
of afﬁliations from a collaboration point of view Table 13 shows
network metric rankings for the earlier (in Section 4.3) presented
top 10 afﬁliations for RDFa⁄ (included in the ‘‘W3C: organisational’’
network) and Drupal⁄ (included in the ‘‘Drupal: organisational’’between RDFa⁄ and Drupal⁄ for different issue trackers.
1.1 Drupal 7 Drupal 8 Sum
(149) 0 1 (1) 1853 (186)
136) 0 1 (1) 659 (138)
118 (32) 261 (47) 381 (80)
3) 28 (10) 316 (46) 366 (70)
0) 212 (39) 73 (21) 315 (80)
0) 117 (23) 4 (3) 182 (56)
) 41 (20) 46 (18) 107 (53)
ers and Drupal issue trackers for the top three afﬁliations in the intersection. For A2
to RDFa 1.0 and RDFa 1.1, but only a single contribution to Drupal 8. Similarly, for
2 contributions (to one issue) in RDFa 1.1. For A18 and A17 there is more balance
e special afﬁliations SE and U we note that these are more common in Drupal.
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Fig. 2. Contribution pattern for afﬁliations in the intersection between W3C RDFa and Drupal RDFa.
Fig. 3. Social network at individual level (white: only W3C, black: only Drupal,
grey: W3C & Drupal).
Table 11
Number of months with simultaneous contributions for a combination of two issue
trackers for afﬁliations in the intersection between W3C RDFa and Drupal RDFa.
# AfﬁliationnCombination R1.0
&
R1.1
R1.0
& D7
R1.0
& D8
R1.1
& D7
R1.1
& D8
D7
&
D8
1 A2|SO 0 0 0 0 1 0
2 A11|MiE 0 0 0 0 1 0
3 A19|LE 0 0 0 1 2 11
4 SE 0 0 0 1 1 8
5 A18|H 0 0 0 8 7 8
6 A17|RI 0 0 0 4 1 1
7 U 0 0 0 1 2 3
We observe from both Fig. 2 and this table that there is no simultaneous involve-
ment in any of the comparisons involving RDFa 1.0. For comparisons involving RDFa
1.1 and both Drupal issue trackers, we note that there is limited simultaneous
involvement for A11 and A19 (during one or two months) whereas there is more
extensive simultaneous involvement for A18 and A17 (during four to eight months),
except for A17 when comparing RDFa1.1 and Drupal 8 (during one month). When
comparing Drupal 7 and Drupal 8, we note that there is extensive simultaneous
involvement for A19 and A18 (during 11 and eight months, respectively).
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degree (WD), and betweenness centrality (BC, which reﬂects the
ability of a node in a social network to act as a mediator in order
to convey information between different parts of the network).5. Analysis
From our results we make a number of observations related to
our characterisation of issues for different issue trackers for W3C
RDFa and the Drupal implementation of RDFa through use of dif-
ferent metrics. It was observed that Drupal issues in general have
a longer time span and larger number of comments than W3C
issues. The longer time span for Drupal issues may be unsurprising
as it is in line with earlier ﬁndings [46]. Further, we noted thatW3C issues generally have a higher comment frequency than
Drupal issues, which is partly explained by the (in comparison to
Drupal) shorter time span of W3C issues. The observation that both
number of organisations and organisational diversity in general are
higher for W3C issues than for Drupal issues suggests a more
extensive diversiﬁed organisational involvement in issues for
W3C RDFa. Interestingly, we note that there are signiﬁcant differ-
ences between the two versions RDFa 1.0 and RDFa 1.1 for all seven
metrics, whereas there are no signiﬁcant differences between the
two versions Drupal 7 and Drupal 8 for any of the metrics. A con-
tributing reason for this may be that RDFa was originally
Fig. 4. Social network at organisational level (white: only W3C, black: only Drupal,
grey: W3C & Drupal).
Table 12
Metric values reﬂecting overall degree of collaboration for different social networks.
Social network #N #E AD AWD
W3C: individual 72 614 17 70
W3C: organisational 78 934 24 132
Drupal: individual 152 927 12 18
Drupal: organisational 134 735 11 18
Total: individual 221 1539 14 35
Total: organisational 207 1665 16 61
We note from this table that the number of nodes and edges is similar for the total
networks (involving both W3C RDFa and Drupal RDFa) at individual and organi-
sational level. There is a similar number of nodes for the individual and organisa-
tional networks in W3C. The number of nodes in the corresponding Drupal
networks is also similar, but roughly twice as many as in W3C. It is interesting to
note that there are many edges in relation to number of nodes for W3C, which is
also reﬂected in the metric values for AD and AWD. It can be observed that the
organisational network for W3C clearly has higher AD and AWD than the W3C
individual network, which suggests that organisational collaboration is more
extensive than individual collaboration in W3C. For the corresponding Drupal
networks there is little (if any) difference. When comparing W3C and Drupal it is
clearly the case that W3C has considerably higher values for AD and AWD at both
individual and organisational level, something which indicates more extensive
collaboration within W3C. In the combined total networks there is little difference
in terms of AD, but a greater difference can be observed for AWD, suggesting that
there is more extensive collaboration in the total organisational level network and
in the total individual level network.
Table 13
Metric rankings for top 10 afﬁliations ranked by proportion of total number of
contributions for different networks (D: Degree, WD: Weighted Degree, BC:
Betweenness Centrality).
#nNetwork W3C: organisational Drupal: organisational
Afﬁliation|aff.
type
D|WD|BC
ranking
Afﬁliation|aff.
type
D|WD|BC
ranking
1 A2|SO 1|1|1 A19|LE 1|1|1
2 A11|MiE 7|3|5 SE N/A
3 A5|RI 2|2|2 A18|H 2|2|2
4 A12|SME 3|4|3 A17|RI 13|8|4
5 A13|MiE 8|5|7 U N/A
6 A1|NPO 9|7|9 A25|SME 5|5|5
7 A6|MiE 4|6|4 A23|SME 6|4|11
8 A14|MiE 12|8|14 A20|MiE 4|6|3
9 A3|Uni 10|9|10 A29|MiE 9|9|22
10 A15|MiE 11|12|13 A28|Uni 10|10|23
From this table it can be observed that for some afﬁliations the ranking with respect
to the network metrics is equal or very similar to the ranking with respect to total
number of contributions (ﬁrst column in this table), which suggests that the
importance of an organisational afﬁliation from a collaboration point of view in
these cases is similar to its importance in terms of volume of contributions. For
example, the top afﬁliations with respect to contributions for W3C (A2) and Drupal
(A19) are both top ranked with respect to all three network metrics. Further, A5 and
A12 for W3C and A18 for Drupal have similar but not identical metric rankings
compared to their rankings with respect to number of contributions. It is interesting
to note that A29 and A28 for Drupal have identical rankings for degree and
weighted degree, but a considerably lower ranking with respect to betweenness
centrality, which suggests that these two afﬁliations are less important in terms of
acting as mediators between different parts of the network.
There are also some afﬁliations with diverging network metric rankings with a
tendency towards lower rankings compared to ranking with respect to number of
contributions, for example A11 for W3C and A17 for Drupal. Such cases suggest
higher importance of an afﬁliation in terms of volume of contributions than from a
collaboration point of view. Similarly, there are afﬁliations with metric rankings
with a tendency towards higher rankings compared to ranking with respect to
number of contributions. Examples are A6 for W3C and A20 for Drupal. Such cases
suggest higher importance of an afﬁliation from a collaboration point of view than
in terms of volume of contributions.
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W3C and later (by the time RDFa 1.1 development started in
2010) the progression of the standard was assigned to the W3C
RDFa working group. This may have implied changes in terms of
community involvement and work practices.
Based on results concerning the contribution to issue raising
and commenting for the different issue trackers we ﬁnd that there
are similar proportions of issues raised by the top raisers in W3C
RDFa and Drupal RDFa. It was also found that there are similar pro-
portions of comments provided by the top comment contributors
in W3C RDFa and Drupal RDFa. Further, a clear majority of all
issues were raised by few contributors (the top three raisers in
W3C RDFa and Drupal RDFa raised 70% and 65% of all issues,
respectively). Similarly, the majority of all comments were pro-
vided by few contributors (the top three contributors in W3C
RDFa and Drupal RDFa provided 51% and 54% of all issue com-
ments, respectively). These observations indicating that fewcontributors provide the majority of contributions may be consid-
ered unsurprising as they are in line with earlier results [32,46]
and research which highlights that for OSS projects ‘‘the bulk activ-
ity, especially for new features, is quite highly centralised’’ [7] and
that in the context of processes involving bug ﬁxing the ‘‘most
active users in the projects carried out most of the tasks while most
others contributed only once or twice’’ [8]. At organisational level
it was found that for W3C RDFa a considerably smaller proportion
of afﬁliations are associated with raising a larger proportion of
issues compared to Drupal RDFa, whereas similar proportions of
afﬁliations are associated with issue commenting in W3C RDFa
and Drupal RDFa. This suggests that issue raising is more domi-
nated by few organisations in W3C RDFa.
Results on organisational involvement over time show that
there is a variety of different organisations and types of organisa-
tions associated with contributions to the issue trackers in W3C
RDFa and Drupal RDFa, including micro enterprises, small and
medium-sized enterprises, larger enterprises, research institutes,
universities, a standardisation organisation, a non-proﬁt organisa-
tion, public broadcasting services, and a hospital. We observed that
the sets of ten organisations associated with the largest propor-
tions of contributions in W3C RDFa and Drupal RDFa are disjunct,
which indicates that the most active contributing organisations
mainly focus on either W3C RDFa or Drupal RDFa. In terms of
organisation type we note that in the top ten lists of organisations
both W3C RDFa and Drupal RDFa have involvement of
organisations of types micro enterprise, small and medium-sized
enterprise, research institute, and university. Another observation
is that the mix and contribution of different organisation types
has changed signiﬁcantly between different versions of both
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most active afﬁliations in each issue tracker it was noted that con-
tributions to the issue trackers for Drupal 7 and Drupal 8 overlap
over time whereas there is no overlap for the issue trackers for
RDFa 1.0 and RDFa 1.1. This may be considered unsurprising since
it was also noted in Lundell et al. [46]. This suggests that RDFa 1.0
was abandoned in favour of RDFa 1.1 once its development com-
menced, whereas concurrent development on different versions
of open source projects (such as Drupal 7 and Drupal 8) is a com-
mon practice. Further, an overall tendency was also that highly
ranked afﬁliations are active during a larger number of months
(often consecutive) than afﬁliations with lower ranking. In addi-
tion, it was noted that there are ﬁve afﬁliations (if omitting
‘‘self-employed’’ and ‘‘unknown’’) that are active in both W3C
RDFa and Drupal RDFa, which indicates that there are organisa-
tional inﬂuences between the two communities (which may be
unsurprising since it has been previously observed in Lundell
et al. [46]). For three of these afﬁliations there is little
inter-community inﬂuence in terms of contributions (with simul-
taneous contributions in both communities during a few months),
but for the two other afﬁliations there is substantially more
inter-community inﬂuence (with simultaneous contributions in
both communities during a number of months).
Based on results related to individual and organisational collab-
oration on issues through analysis of social networks we found that
there is extensive (and repeated) collaboration amongst a limited
number of individuals (and organisational afﬁliations) within
W3C RDFa and Drupal RDFa. However, the collaboration within
these two communities is rather isolated with a few individuals
(and organisational afﬁliations) bridging between the communi-
ties. There are also indications of a higher degree of repeated
inter-organisational collaboration for afﬁliations within W3C
RDFa compared to Drupal RDFa. Further, metrics reﬂecting overall
degree of collaboration suggest that collaboration at organisational
level in W3C RDFa is more extensive than at individual level,
whereas there is no such observation for Drupal RDFa. Results also
suggest that in the total networks involving both W3C RDFa and
Drupal RDFa there is overall more extensive collaboration at organ-
isational level than at individual level. Results also suggest that the
highest ranked afﬁliations with respect to total number of contri-
butions are also ranked equally (or similarly) with respect to met-
rics for network collaboration (degree, weighted degree, and
betweenness centrality), which suggests that the importance of
an organisational afﬁliation from a collaboration point of view in
these cases is similar to its importance in terms of volume of
contributions. There are also afﬁliations with considerably lower
network collaboration rankings than ranking with respect to
volume of contributions, as well as afﬁliations with considerably
higher network collaboration rankings than ranking with respect
to volume of contributions.
We also note that all the editors (and their associated
organisations) for the RDFa 1.0 and RDFa 1.1 speciﬁcations have
contributed to issues in the W3C RDFa issue trackers, which
indicates that stakeholders with strategic interest in the standardi-
sation of RDFa also have contributed to the actual development of
the standard in the issue tracker. It was also found that none of the
editors have contributed to any of the Drupal RDFa issue trackers.
Previous research recognises the importance of standardising
work practices in software projects [34], and in OSS projects it is
common practice to use issues trackers. Some standardisation pro-
jects, like the W3C RDFa project, also use issue trackers and an
open work practice. Hence, when individuals are familiar with
use of an issue tracker in the context of an OSS project, there is
generally a lower adoption barrier to start using an issue tracker
for a W3C standardisation project, and vice versa. Such familiarity
with established work practices may promote active involvementby individuals in both standardisation and software development
projects.
For companies involved in implementation of standards in OSS
there may be several motives for interacting with standardisation
organisations and for monitoring and contributing to the evolution
of speciﬁc standards. Involvement in standardisation can
contribute to improved quality, interoperability, adoption, and
deployment of the product. Further, contribution to standardisa-
tion processes makes it possible for practitioners to affect
standards in a direction which is beneﬁcial for the company.
From the results of the study it is apparent that there are signiﬁ-
cant contributions to RDFa from micro enterprises, which suggests
that contributions to W3C standards have a low barrier for entry
and participation, something which is in line with our experiences
from practice. For micro enterprises and small and medium-sized
companies with limited resources, it is of particular importance
that W3C and other organisations maintaining standards provide
conditions and supporting technical infrastructure that promote
contributions from individuals representing such small organisa-
tions. It is not uncommon that individuals representing such
organisations bring long valuable experiences and know-how to
the standardisation process, something which promotes quality
of standards through incorporation of valuable perspectives and
insights from different stakeholder groups.
In light of a considerable effort needed to develop and deploy a
standard with associated implementations it is critical to maintain
a low barrier for participation in both standardisation and software
development processes. From our experiences of participation in
IETF and W3C standardisation it is highly feasible for small compa-
nies to contribute due to low barriers for participation, similar to
processes for involvement in community driven open source pro-
jects such as Drupal. Our results show that contributors to the
Drupal RDFa issue trackers represent a mix of different types of
organisations. This indicates that substantial contributions to OSS
projects and W3C standardisation can be made by individual
organisations in collaboration with others for different reasons
with beneﬁt for the own and other organisations. From our experi-
ences we have observed that standardisation may be exposed to
inﬂuences, and in some cases even various anti-competitive beha-
viours, from large companies. To counter such potential threats for
inﬂuencing speciﬁc standards in a direction which primarily is of
beneﬁt to the large company, a transparent and open process for
participation in standardisation is essential. Further, from our
experiences we note that the royalty-free conditions for use of
the RDFa standard as maintained by W3C may have had a signiﬁ-
cant positive effect on participation by smaller companies in both
standardisation of RDFa and implementation of RDFa in Drupal.6. Discussion and conclusions
6.1. Discussion
From a standards development perspective, our analysis shows
that the open process adopted by W3C for development and provi-
sion of standards has, for the analysed W3C RDFa standard,
attracted individuals from many organisations including a number
of micro enterprises. To this end, we consider this work practice for
standardisation as an interesting exemplar of an inclusive
approach for collaborative development of standards, which may
serve as a role model for how to address challenges related to
future ICT standardisation.
From a software development perspective, analysis of our
results show that a variety of individuals representing different
types of (small and large) private and public sector organisations
contribute to standardisation of W3C RDFa via their contributions
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viduals contribute to development of both the standard and its
implementation.
From a societal perspective, the study presents an illuminating
exemplar of how open standards in the ﬁeld of ICT are being devel-
oped, maintained, and provided in an open collaborative process.
This exemplar thereby provides important insights for legislators
and policy makers which affect and are affected by developments
in the ﬁeld of IT. Such developments are important for many
organisations involved in development and procurement of soft-
ware systems, and it is therefore essential that future regulatory
decisions account for current work practices concerning how stan-
dards and their implementations in software interact.
In light of analysis of the results, we acknowledge that different
individuals and organisations may use somewhat different policies
and work practices with respect to how they openly engage with
open collaborative projects, there may be additional individuals
acting in the background who are not visible on collaborative plat-
forms (such as issue trackers for standards and OSS projects). We
conjecture that such policies and practices may, to some extent,
also explain participation by individuals on behalf other organisa-
tions, something which is not observable in analysed data. From
our experience of standardisation beyond RDFa, we have observed
work practices used by different organisations which introduce a
number of complexities related to collaboration and interaction
between individuals representing different organisations. For
example, a self-employed individual expert contributing to a speci-
ﬁc standard may be contracted or in other ways inﬂuenced by a
larger organisation. To observe and comprehend such inﬂuences
would necessitate active participation in speciﬁc standardisation
projects, something which would be an interesting aspect to con-
sider in future work.
In noting that issue trackers are central for collecting user feed-
back in OSS projects and W3C standardisation projects, these were
used in our study. However, we acknowledge that there may also
be other individuals contributing in other fora than issue trackers
(e.g. code repositories, mailing lists, etc.), who represent other
organisations than those observed in our study. There may also
be other kinds of contributions to W3C RDFa and its implementa-
tion in Drupal that are not easily recorded in any databases (e.g.
IRC, face to face meetings, etc.). Further, there may be inaccuracies
in the collected afﬁliation data, for example in terms of granularity
of stated time intervals in LinkedIn and that some data analysed
from LinkedIn may not be up-to-date for some contributors to
W3C RDFa and Drupal RDFa. However, from our experience out-
dated proﬁles for active developers on this professional network
is rare, in particular for independent developers. Further, our
approach uses all afﬁliations a contributor is associated with at
the time of a contribution and does therefore not prioritise
amongst the afﬁliations (if there are several afﬁliations at a point
in time). We acknowledge that all these issues constitute potential
threats to the validity of the study.
It is well established that successful transfer of methods needs
to consider a number of factors [43]. From this we argue that the
approach used for conduct of the study can be effectively trans-
ferred and used for investigation of other standards and other asso-
ciated OSS projects implementing these standards. Successful
transfer requires that both standards and OSS projects use issue
trackers and contributor identiﬁers that can be determined in
order to be able to establish the organisational afﬁliation(s) of issue
contributors over time. For future research it would be relevant to
study other standards (both from W3C and other organisations
such as IETF) and associated OSS implementations. Speciﬁcally, it
would be interesting to analyse a widely deployed standard imple-
mented in a widely deployed OSS project in a different application
area (e.g. ofﬁce suites, middleware, audio and video, etc.) in orderto establish whether there are similar or different patterns of
organisational inﬂuences.
6.2. Conclusions
Our study presents ﬁndings from the ﬁrst in-depth and cohesive
analysis of organisational inﬂuences in a software standard and its
implementation in open source software. Our study conﬁrms and
further elaborates anecdotal evidence from practice by providing
insights from a case involving a widely deployed standard as
implemented in a widely deployed software system. Speciﬁcally,
we ﬁnd that widely deployed standards can beneﬁt from contribu-
tions provided by a range of different individuals, organisations,
and types of organisations either directly to a standardisation pro-
ject or indirectly via an open source project implementing the
standard. Further, we also ﬁnd that open processes for standardis-
ation adopted by W3C may also contribute to open source projects
implementing speciﬁc standards. Hence, we ﬁnd that standardisa-
tion processes and practices can inﬂuence (both at individual and
organisational level), impact on, and improve software develop-
ment processes and practices, and vice versa.
The study provides details on how and to what extent organisa-
tional inﬂuences occur in W3C RDFa and the Drupal implementa-
tion of RDFa, by speciﬁcally providing a characterisation of issues
and results concerning contribution to issue raising and comment-
ing, organisational involvement over time, and individual and
organisational collaboration on issues. The study is the ﬁrst of its
kind focusing on a previously unexplored area and many of the
ﬁndings are novel. Hence, there is a lack of results from previous
studies which allow for direct comparison.
The ﬁndings from our analysis of organisational inﬂuences in
the W3C RDFa standard and its implementation in the Drupal open
source project constitute an important contribution towards a dee-
per understanding of challenges concerning organisational inﬂu-
ences in software standards and their implementations in open
source projects.
Acknowledgement
This research is ﬁnancially supported by the Swedish
Knowledge Foundation (KK-stiftelsen).
References
[1] B. Behlendorf, How open source can still save the world, keynote presentation,
in: 5th IFIP WG 2.13 International Conference on Open Source Systems, OSS
2009, Skövde, Sweden, 5 June, 2009.
[2] C. Bizer, K. Eckert, R. Meusel, H. Mühleisen, M. Schuhmacher, J. Völker,
Deployment of RDFa, Microdata, and Microformats on the web – a quantitative
analysis, in: H. Alani et al. (Eds.), The Semantic Web – ISWC 2013, Lecture
Notes in Computer Science, vol. 8219, Springer, Berlin, 2013, pp. 17–32.
[3] A. Bonaccorsi, C. Rossi, Comparing motivations of individual programmers and
ﬁrms to take part in the open source movement: from community to business,
Knowl., Technol. Policy 18 (4) (2006) 40–64.
[4] A. Brock, Understanding commercial agreements with open source companies,
in: S. Coughlan (Ed.), Thoughts on Open Innovation – Essays on Open
Innovation from Leading Thinkers in the Field, OpenForum Europe LTD for
OpenForum Academy, Brussels, 2013.
[5] S. Corlosquet, R. Cyganiak, A. Polleres, S. Decker, RDFa in Drupal: bringing
cheese to the web of data, in: Proceedings of the 5th Workshop on Scripting
and Development for the Semantic Web (SFSW 2009), 2009.
[6] S. Corlosquet, R. Delbru, T. Clark, A. Pollores, S. Decker, Produce and consume
linked data with Drupal!, in: A. Bernstein et al. (Eds.), Proceedings of the 8th
International Semantic Web Conference, Lecture Notes in Computer Science,
vol. 5823, Springer, Berlin, 2009, pp. 763–778.
[7] K. Crowston, W. Kangning, J. Howison, A. Wiggins, Free/Libre open-source
software development: what we know and what we do not know, ACM
Comput. Surv. 44(2) (2012) (Article 7).
[8] K. Crowston, B. Scozzi, Bug ﬁxing practices within free/libre open source
software development teams, J. Database Manage. 19 (2) (2008) 1–30.
[9] Drupal.org, Make RDFa Markup Upward Compatible with RDFa 1.1, 2012
<https://drupal.org/node/1848464> (accessed 31.03.15).
J. Gamalielsson et al. / Information and Software Technology 67 (2015) 30–43 43[10] Drupal.org, 1 Million Users on Drupal.org!, 2013 <https://drupal.org/node/
2110205> (accessed 31.03.15).
[11] Drupal.org, Drupal – Open Source CMS, 2015 <http://drupal.org/> (accessed
31.03.15).
[12] Drupal.org, List of Intergovernmental Organisations Using Drupal, 2015
<https://groups.drupal.org/node/79093> (accessed 31.03.15).
[13] Drupal.org, Drupal Core Modules, 2015 <https://drupal.org/node/1283408>
(accessed 31.03.15).
[14] Drupal.org, About the Drupal Association, 2015 <https://association.drupal.
org/about> (accessed 31.03.15).
[15] Drupal.org, Drupal Board of Directors, 2015 <https://association.drupal.org/
about/board> (accessed 31.03.15).
[16] Drupalshowcase.com, Drupal Showcase – Industries, 2013 <http://
www.drupalshowcase.com/site-industries> (accessed 31.03.15).
[17] EC, Rolling Plan on ICT Standardisation, European Commission Directorate-
General for Internal market, Industry, Entrepreneurship and SMEs, 24 March
2015, 2015.
[18] T.M. Egyedi, Standard-compliant, but incompatible?!, Comp Stand. Interf. 29
(6) (2007) 605–613.
[19] T.M. Egyedi, A. Dahanayake, Difﬁculties implementing standards, in:
Proceedings of the 3rd Conference on Standardization and Innovation in
Information Technology (SIIT 2003), 22–24 October, Delft, The Netherlands,
2003, pp. 75–84.
[20] EU, Guidelines for Public Procurement of ICT Goods and Services: SMART
2011/0044, D2 – Overview of Procurement Practices, Final Report, Europe
Economics, London, 1 March, 2012 <http://cordis.europa.eu/fp7/ict/ssai/docs/
study-action23/d2-ﬁnalreport-29feb2012.pdf>.
[21] Europe Economics, Guidelines for Public Procurement of ICT Goods and
Services: SMART 2011/0044, D2 – Overview of Procurement Practices, Final
Report, 2012.
[22] B. Fitzgerald, The transformation of open source software, MIS Quart. 30 (4)
(2006) 587–598.
[23] FRAND, EC Workshop: Implementing FRAND standards in Open Source:
mission impossible? Brussels, Belgium, 22 November, 2012.
[24] L. Freeman, A set of measures of centrality based on betweenness, Sociometry
40 (1977) 35–41.
[25] J. Friedrich, Making innovation happen: the role of standards and openness in
an innovation-friendly ecosystem, in: Proceedings of the 7th International
Conference on Standardization and Innovation in Information Technology (SIIT
2011), 2011, pp. 1–8.
[26] J. Friedrich, Getting requirements right: towards a nuanced approach on
standardisation and IPRs, in: S. Coughlan (Ed.), Thoughts on Open Innovation –
Essays on Open Innovation from leading thinkers in the ﬁeld, OpenForum
Europe LTD for OpenForum Academy, ISBN 978-1-304-01551-8, Brussels,
2013.
[27] T.M.J. Fruchterman, E.M. Reingold, Graph drawing by force-directed
placement, Softw.: Practice Exper. 21(11) (1991) 1129–1164.
[28] J. Gamalielsson, B. Lundell, B. Lings, The Nagios community: an extended
quantitative analysis, in: P. Agerfalk et al. (Eds.), Open Source Software: New
Horizons, Springer, Berlin, 2010, pp. 85–96.
[29] J. Gamalielsson, B. Lundell, A. Mattsson, Open source software for model
driven development: a case study, in: S. Hissam, (Eds.) Open Source Systems:
Grounding Research, IFIP Advances in Information and Communication
Technology, vol. 365, ISBN: 978-3-642-24417-9, Springer, Boston, 2011, pp.
348–367.
[30] J. Gamalielsson, A. Grahn, B. Lundell, Learning through analysis of coding
practices in FLOSS projects, in: G. Robles et al. (Eds.), Proceedings of FLOSSEdu
2012: FLOSS Education – Long-term Sustainability, Tampere University of
Technology, Tampere, 2012, pp. 13–19. ISBN 978-952-15-2938-2, ISSN 1797-
836X.
[31] J. Gamalielsson, B. Lundell, Experiences from implementing PDF in open
source: challenges and opportunities for standardisation processes, in: K.
Jakobs, (Ed.), Proceedings of the 8th IEEE Conference on Standardization and
Innovation in Information Technology (SIIT 2013), ISBN 3-86130-802-9, IEEE,
Piscataway, 2013, pp. 39–49.
[32] J. Gamalielsson, B. Lundell, A. Grahn, S. Andersson, J. Feist, T. Gustavsson, H.
Strindberg, Towards a reference model on how to utilise Open Standards in
Open Source projects: experiences based on Drupal, in E. Petrinja, et al. (Eds.),
Open Source Software: Quality Veriﬁcation, IFIP Advances in Information and
Communication Technology, vol. 404, ISBN 978-3-642-38928-3, Springer,
Heidelberg, 2013, pp. 257–263.
[33] A. Garza, From OPAC to CMS: Drupal as an extensible library platform, Library
Hi Tech 27 (2) (2009) 252–267.
[34] Y. Ghanam, F. Maurer, P. Abrahamsson, Making the leap to a software platform
strategy: issues and challenges, Inf. Softw. Technol. 54 (2012) 968–984.
[35] R.A. Ghosh, Open Standards and Interoperability Report: An Economic Basis for
Open Standards, FLOSSPOLS, Deliverable D4, 12 December, 2005
[36] Gov.uk, Open Standards in Government IT: A Review of the Evidence, Cabinet
Ofﬁce, UK, 1 November, 2012.
[37] A. Hubble, D.A. Murphy, S.C. Perry, From static and stale to dynamic and
collaborative: the Drupal difference, Inf. Technol. Lib. 30 (4) (2011) 190–197.
[38] K. Jakobs, ICT standards research – Quo Vadis?, Homo Oecon 23 (1) (2006) 79–
107.[39] K. Jakobs, Managing corporate participation in international ICT standards
setting, in: Proceedings of the International Conference on Engineering,
Technology and Innovation (ICE 2014), IEEE, 2014, pp. 1–12.
[40] K. Krechmer, Cathedrals, libraries and bazaars, in: Proceedings of the 2002
ACM Symposium on Applied Computing (SAC 2002), ACM, New York, 2002, pp.
1053–1057.
[41] K. Krechmer, Event report – the open standards international symposium, J. IT
Stand. Standard. Res. 5 (2) (2007) 59–62.
[42] C.Y. Lin, C.K. Huang, Y.H. Chiang, Learners’ perspectives on incorporating
drupal and web 2.0 tools in a blended-learning Chinese classroom, in: G.
Siemens, C. Fulford (Eds.), Proceedings of World Conference on Educational
Multimedia, Hypermedia and Telecommunications 2009, Chesapeake,
Association for the Advancement of Computing in Education (AACE), 2009,
pp. 4223–4228.
[43] B. Lings, B. Lundell, On transferring a method into a usage situation, in: B.
Kaplan, D.P. Truex, III, D. Wastell, A.T. Wood-Harper, J.I. DeGross, (Eds.),
Information Systems Research: IFIP Working Group 8.2 – IS Research Methods
Conference – ‘‘Relevant Theory and Informed Practice: Looking Forward From
a 20 Year Perspective on IS Research, Kluwer, Boston, 2004, pp. 535–553.
[44] B. Lundell, Why do we need open standards?, in: M. Orviska, K. Jakobs (Eds.),
Proceedings 17th EURAS Annual Standardisation Conference ‘Standards and
Innovation’, The EURAS Board Series, Aachen, 2012, pp. 227–240. ISBN: 978-3-
86130-337-4.
[45] B. Lundell, A. Abdurahmanovic, S. Andersson, E. Bergström, J. Feist, J.
Gamalielsson, T. Gustavsson, R. Kahlbom, K. Papaxanthis, How can open
standards be effectively implemented in open source? Challenges and the
ORIOS project, in: I. Hammouda et al. (Eds.), Open Source Systems: Long-Term
Sustainability, IFIP Advances in Information and Communication Technology,
vol. 378, Springer, Heidelberg, 2012, pp. 383–388.
[46] B. Lundell, J. Gamalielsson, A. Grahn, J. Feist, T. Gustavsson, H. Strindberg, On
inﬂuences between software standards and their implementations in open
source projects: experiences from RDFa and its implementation in Drupal, in:
Proceedings of the 10th International Symposium on Open Collaboration,
OpenSym 2014, ACM, New York, 2014, pp. 3:1-3:10, ISBN 978-1-4503-3016-9
(article 3).
[47] P. Mika, Microformats and RDFa Deployment Across the Web, 2011 <http://
tripletalk.wordpress.com/2011/01/25/rdfa-deployment-across-the-web/>.
[48] P. Mika, T. Potter, Metadata statistics for a large web corpus, in: LDOW 2012:
Linked Data on the Web, CEUR Workshop Proceedings, Aachen, vol. 937, 2012.
[49] Z. Miklós, S. Sobernig, Query translation between RDF and XML: a case study in
the educational domain, in: WWW Workshop on Interoperability of Web-
Based Educational Systems, CEUR Workshop Proceedings, Aachen, vol. 143,
2005.
[50] Openhub.net, The Drupal (core) Open Source Project on Open Hub, 2015
<https://www.openhub.net/p/drupal> (accessed 31.05.15).
[51] S.K. Patel, V.R. Rathod, J.B. Prajapati, Performance analysis of content
management systems – Joomla, Drupal and WordPress, Int. J. Comp. Appl.
21 (4) (2011) 39–43.
[52] T.S. Simcoe, Open standards and intellectual property rights, in: H.
Chesbrough, W. Vanhaverbeke, J. West (Eds.), Open Innovation Researching a
New Paradigm, Oxford University Press, Oxford, 2006.
[53] W3.org, Resource Description Framework (RDF) Model and Syntax
Speciﬁcation, 1999 <http://www.w3.org/TR/1999/REC-rdf-syntax-19990222/
> (accessed 31.03.15).
[54] W3.org, RDF/A Syntax – A Collection of Attributes for Layering RDF on XML
Languages, 2004 <http://www.w3.org/MarkUp/2004/rdf-a.html> (accessed
31.03.15).
[55] W3.org, XHTML and RDF, 2004 <http://www.w3.org/MarkUp/2004/02/xhtml-
rdf.html> (accessed 31.03.15).
[56] W3.org, Semantic Web Deployment Working Group (SWDWG) Charter, 2006
<http://www.w3.org/2006/07/swdwg-charter> (accessed 31.03.15).
[57] W3.org, RDFa in XHTML: Syntax and Processing, 2008 <http://www.w3.org/
TR/2008/REC-rdfa-syntax-20081014/> (accessed 31.03.15).
[58] W3.org, RDFa Core 1.1, 2012 <http://www.w3.org/TR/2012/REC-rdfa-core-
20120607/> (accessed 31.03.15).
[59] W3.org, HTML+RDFa 1.1, 2012 <http://www.w3.org/TR/2012/WD-rdfa-in-
html-20120329/> (accessed 31.03.15).
[60] W3.org, RDFa Working Group Charter, 2012 <http://www.w3.org/2012/09/
rdfa-wg-charter> (accessed 31.03.15).
[61] W3.org, RDFa Lite 1.1, 2012 <http://www.w3.org/TR/2012/REC-rdfa-lite-
20120607/> (accessed 31.03.15).
[62] W3.org, RDFa Core 1.1 – Second Edition, 2013 <http://www.w3.org/TR/2013/
REC-rdfa-core-20130822/> (accessed 31.03.15).
[63] W3.org, RDFa Core 1.1 – Third Edition, 2015 <http://www.w3.org/TR/2015/
REC-rdfa-core-20150317/> (accessed 31.03.15).
[64] W3.org, About W3C, 2015 <http://www.w3.org/Consortium/> (accessed
31.03.15).
[65] J. West, S. O’Mahony, The role of participation architecture in growing
sponsored open source communities, Indust. Innov. 15 (2) (2008) 145–168.
[66] M. Zhou, A. Mockus, Who will stay in the FLOSS community? Modeling
participant’s initial behavior, IEEE Trans. Softw. Eng. 41 (1) (2015) 82–99.
